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Abstract

Down syndrome (DS) is the most often diagnosed chromosomal disorder in newborns. The incidence s 1:792
live births. The article describes the irreqularities and characteristics found in trisomy 21, which greatly affect
the functioning of the stomatognathic system. The most significant disorders include the following: false
macroglossia, muscular hypotonia and gothic palate. These abnormalities affect articulation, breathing, food
intake, and swallowing. We analyzed the morphological characteristics of the craniofacial region in children
with DS based on the current literature review. The following databases were used for the analysis: MEDLINE
(via PubMed), Scopus, Infona, and Dentistry & Oral Sciences Source. In the course of the study, 199 pieces
of literature were analyzed; the analysis also included 18 articles on children and adults with DS. It also took
into account the structure of the palate, dental and skeletal defects, size of the tongue, muscular hypotonia,
and temporomandibular joint dysfunction. Down syndrome is still a current subject of research. Although
macroglossia, hypatonia, malocclusion, and temporomandibular joint abnormalities are not features exclusive
to DS, numerous dysfunctions and parafunctions as well as retarded psychomotor development greatly com-
plicate the treatment. Therefore, interdisciplinary treatment of patients with trisomy 21 and early treatment
in the first months of life with the use of the Castillo-Morales plate are very important, as they ensure better
adaptation to the subsequently used apparatus and reduce the risk of disorders of the stomatognathic system.
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Down syndrome (DS) was named after John Langdon
Down, a British doctor who first described its features
in 1866. In 1959, a French doctor Jerome Lejuene identified
the cause of this anomaly. The estimated incidence is 1:792
live births.! The disorders in persons with DS include men-
tal retardation, unfused lumbar vertebral arches and heart
defects, among others.

The facial skeleton and neurocranium include hypo-
plastic mandible? with reduced nasolabial angle, reduced
dimensions of the permanent teeth® and more frequent oc-
currence of periodontal diseases as compared to the neu-
rotypical group.* Malocclusion resulting from vertical
and transverse irregularities of the dental arches is more
frequent in patients with trisomy 21.> This affects, among
others, the demastication and texture of food, swallowing,
articulation, and breathing. The abovementioned features
are not pathognomonic symptoms.

Orthodontic abnormalities require early treatment
of people with trisomy 21. It is mainly conditioned by mac-
roglossia and reduced volume of the palate. These fea-
tures along with retarded psychosomatic development
and muscular hypotonia lead to the occurrence of para-
functions and dysfunctions, which in turn affect the fre-
quency of malocclusions in this group of people. The most
clearly marked defect is skeletal class III, which is more
severe in older age groups. This affects the lengthening
of the lower part of the face and irregularities in the pro-
portions of the facial skeleton.®

Muscular hypotonia is characteristic of trisomy 21. Most
commonly, it affects the tongue and lips, which is visible
on physical examination. Muscles lifting the mandible
show different degrees of muscular insufficiency, but
in the case of bruxism, severe hypotonia of the masseter
muscles can be observed.”

The objective of this paper was to analyze the morpho-
logical characteristics of persons with DS, i.e., the palate,
dental defects, skeletal defects, muscular hypotonia, tem-
poromandibular joint abnormalities, and size of the tongue.

Material and methods

Non-randomized controlled trials (NRCT), systematic
reviews (SR) and case series (CS) with sample sizes of 16
or more patients published since 1986, without any re-
striction in language or publication status, were eligible
for inclusion in this review and were considered in our
study. Children and adults with DS were matched in terms
of age and gender with patients without DS. There was no
restriction for the presenting malocclusion, indication for
treatment or type of orthodontic treatment undertaken.
Studies that investigated malocclusion, temporomandibu-
lar joints, measurement macroglossia, hypotonia, and hard
palate were reviewed.

Comparison of the outcomes between 2 groups was per-
formed: 1% group — patients with DS; 2" group — patients

N. Kaczorowska, et al. Down syndrome: A systematic review

without DS. All of the following symptoms were taken into
consideration: tongue thrusting, abnormal breathing, eat-
ing disorders, lisping, and infantile swallowing.
The following databases were searched from January 24,
2018 to February 12, 2018:
— MEDLINE (via Pubmed),
— Scopus,
— Infona,
— and Dentistry & Oral Sciences Source,
using the following Medical Subject Heading terms:
— Down syndrome,
— dental defects,
— trisomy,
— hypotonia,
— malocclusion,
— macroglossia,
— Castillo-Morales.
The search strategy for PubMed is presented in Table 1.
At first, the potentially appropriate studies were identified

Table 1. Search strategy

PubMed/MEDLINE, Scopus, Infona, Dentistry
& Oral Sciences Source

Search

No. Search
1. ((Down syndrome) AND hypotonia) 185
5 ((Down syndrome) AND macroglossia) 6
’ AND hypotonia
3 (((trisomy) AND dental defects) OR malocclusion) .
' AND Castillo-Morales
((Down syndrome) AND hypotonia)
4. ) 1
AND malocclusion
5. (Castillo-Morales) AND hypotonia 6
5 records identified through additional records identified
u‘:S database searching through other sources
b= (n=199) (n=0)
v
) l
(o)}
g records screened records excluded
] (n=89) | (n=66)
3
2 full-text articles full-text articles
:—g assessed for eligibility | — | excluded
T (n=23) (n=12)
3 studies included
3 in qualitative synthesis
H (h=11)

Fig. 1. Flow diagram showing the screening of studies in this systematic
review
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by title; subsequently, the abstracts were read and the ir-
relevant studies were rejected. Data was extracted with
reference to the participants, age, methods, and outcomes.

Results

The abovementioned irregularities indicate the need
for complex therapy in the oral cavity. Castillo-Morales
proposed a treatment for people with, i.a., muscular hypo-
tonia and macroglossia.!? The protocol takes into account
the simulating and acrylic plate, i.e., braces with a com-
ponent aimed at verticalization of the tongue in the back.
It is important to start the treatment early (2—3 months
of age) as it reduces the negative impact on the psychoso-
matic development within the oral cavity. The authors refer
readers who want to familiarize themselves with the above
method of treatment to the article about Castillo-Morales
protocol.'?

Tables 2—5 set forth the results of the analysis of the ma-
terial contained in the articles selected in accordance with
the search strategy described in the Materials and Methods
section.

Discussion

Macroglossia occurs when a tongue at rest goes beyond
the dental arches or alveolar process and the alveolar part
of the mandible, as in the case of edentulism. This abnor-
mality occurs, i.a., in hypothyroidism, amyloidosis, Beck-
with—Wiedemann syndrome, and DS.!¢ There are no clear
figures that would indicate macroglossia. The division
comprising the true and false form of this abnormality'

Table 2. Analysis of the materials contained in the articles
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was created with regard to symptomatic treatment. Pa-
tients with DS!! have a smaller tongue (2.432 mm?) com-
pared to that of the control group (2.767 mm?). The dimen-
sions of the facial skeleton are also reduced, but the size
of the tongue compared to bone parameters remains great-
er (0.54) than that of the 2" group (0.46). Therefore, in
the case of trisomy 21, false macroglossia occurs.

The potential complications of this anomaly include im-
paired speech, deformed mandible, malocclusion, or even
airway obstruction, which is why it is important to start
treatment early. The therapy includes exercise and the use
of appliances which expand the dimensions of the oral
cavity and (in a modified version) allow the tongue to be
kept behind the dental arches. The most aggressive form
of treatment is surgical treatment.

Another analyzed feature is the palate.!® Patients with
DS show decreased growth and volume of the palate
in the first months of life by approx. 151 days as compared
to the neurotypical population, but the analyzed param-
eters (width and depth) remain unchanged with regard
to persons with no genetic predispositions. People aged
10-40 years with DS have narrower palates, but the antero-
posterior dimensions and height are similar.’ Detailed
studies!'® analyzed the antero-posterior length, height and
volume of the hard palate as well as the size of the dental
arches. The results (48 people in the study group and 48
people in the control group at the age of 6-16 years) re-
vealed that the palate was significantly higher in patients
with DS, and all other parameters were significantly lower
than in the control group. Therefore, it should be con-
cluded that narrowed gothic palate frequently occurring
in older children is an acquired feature resulting from
other irregularities. One of them is the aforementioned
macroglossia. The results of these studies are inconclusive

Author (year) | Study |

Participants
CBCT images

SG: 40 patients with DS;

age: 10-40 years; B :
sex: 25 M. 15 F crown height

i 8
Abeleira et al. NRCT - root length

(2014)
CG: age- and sex-matched
persons were selected

CBCT images

selected - height
- skeletal width
- coronal arch

Methods of outcomes

Measurement of:
- overall tooth length o hypotonia

- mesiodistal diameter o tongue
- vestibular-palatine diameter
— crown-to-root ratio o temporomandibular joints
- cervical circumference

Measurements of:

SG: 40 patients with DS, - anteroposterior length (@APL) o dental defects Interdental and skeletal
age: 10-40 years; - arch length o hypotonia widths were greater
) 5 sex:25M, 15 F - anteroposterior length o malocclusion in controls than in DS
Abeleira et al. ) ) - S
(2015) NRCT — maximum height v palate statistically significant
CG: 40 age- and sex- - sagittal arch o tongue differences between
matched personswere | — interdental width v skeletal defects males and females

Results include Conclusions

v’ dental defects Microdontia

of the permanent
teeth and progressive
age-related reductions
in tooth sizes in persons
with DS.

o malocclusion
o palate

v skeletal defects

o temporomandibular joints with DS.

SG - study group; CG - control group; F — female; M — male; DS — Down syndrome; CBCT — cone-beam computed tomography; NRCT — non-randomized

controlled trial; v' — included in research; o — not included in research.
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Table 3. Analysis of the materials contained in the articles

Participants Methods of outcomes Results include Conclusions

Author (year) | Study |

o dental defects
o hypotonia
) v ) . :
Allareddy et al 6 2 el aﬁd yo‘ung Analysis of lateral cephalometric O Ustor Ffauents i B
CS adults with DS; ) v palate typically show skeletal
(2016) ) radiographs )
age: 3-25 years o tongue class lll malocclusion.
v skeletal defects
o temporomandibular joints
Electronic calipers, scale, divider,
dental impression material,
impression trays, plaster stone,
SG: 48 children with DS; casting tray 2 gen;atloifafects The hard palate
) sex: 26 M, 22 F The parameters measured were: P ) in children with DS was
Bhagyalakshmi ) ) o malocclusion :
" - linear width found to be high-
etal. NRCT ) o ) v palate
CG: 48 children « curvilinear width arched and narrow,
(2007) . ; ) o tongue ) )
without DS; - mean height with acutely aligned
v skeletal defects :
sex:26 M, 22 F - palatal arch length ) L palatine plates.
) o temporomandibular joints
« anteroposterior length
+ volume
- palatal index
S S Crigen it 05 dono
) CG: 16 patients with DS P ) ) 9 ) P ) have true macroglossia
Guimaraes the bony craniofacial confines | o malocclusion .
i but have relatively large
etal. NRCT of the retroglossal pharynx, o palate
CG: 16 age- and gender- } . tongues compared
(2008) the size of the tongue relative v’ tongue )
matched controls ) g to the bony confines
to the craniofacial bony v skeletal defects )
) - of the oral cavity.
parameters. o temporomandibular joints

SG - study group; CG - control group; F — female; M — male; DS — Down syndrome; NRCT — non-randomized controlled trial; CS - case series;
SR - systematic review; MR — magnetic resonance; v — included in research; o — not included in research.

Table 4. Analysis of the materials contained in the articles

Methods of outcomes Results include Conclusions

Author (year) | Study |

Participants

+ Reduction o dental defects
SG(l): 57 children in the severity v hypotonia
2 months-3 years of age; of the orbicularis oris = o malocclusion
SR muscle hypotonia o palate
SG(II): 50 children - tongue position, v tongue
3 months-5 years of age lip closure and facial | o skeletal defects
expression temporomandibular joints

An early implementation of such
therapy facilitates the optimal
development of motor functions
of the orofacial complex.

Klimek-Jaworska
etal!? (2014)

SG: 40 patients with DS;

o]
o dental defects
age: 221.3 £132.4 days; o

Width, depth and hypotonia

Klinael et al3 sex:20F, 20 M length of the palate o malocclusion
(20197) ' NRCT were used as well v palate
CG: 40 infants; as the palatal indexand | o tongue
age: 53.9 £87.2 days; 3-dimensional volume. | v skeletal defects
sex: 20 M, 20 F o temporomandibular joints
o dental defects
v hypotonia
7 SG: 22 patients with DS EIectromypgraphy o malocclusion
Necka et al. : of mimic and
NRCT CG: 23 persons with I o palate
(2007) ) mastication muscles
hypotonia . o tongue
o skeletal defects
o temporomandibular joints

The palate of DS infants in the first
6 to 9 months of life is normally
shaped but considerably smaller
compared to healthy individuals.

No significant differences
between the tonus of temporal
and masticatory muscles
of people suffering from DS;
no statistically significant
differences were observed
during the orbicular muscles
examination.

SG - study group; CG - control group; F — female; M — male; DS — Down syndrome; NRCT — non-randomized controlled trial; SR — systematic review;

v —included in research; o — not included in research.

as to the reduced parameters of the palate, but all results
point to the reduction of its volume. Considering the de-
terminants of development, which include environmental
impact, quality of life, lifestyle, and national differences,
it should be noted that the narrow gothic palate often

found in older children is an acquired feature. This causes
disorders, the most serious of which is hypoxia.

People with trisomy 21 often have disorders of the sto-
matognathic system. These include the following: hypopla-
sia, diastema, mandibular prognathism, anterior open bite,
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Table 5. Analysis of the materials contained in the articles
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Author (year) | Study | Participants Methods of outcomes Results include Conclusions
Data was collected with o dental defects Age, nail or finger
a questionnaire given to the mothers | o hypotonia biting, mouth
o 5 112 pairs of mothers and and through a clinical examination v malocclusion posture, and upper
Oliveira et al. L ) ) ) - . . )
(2008) CS their children with DS; of the child or adolescent. Univariate, = o palate airway infections
age: 3-18 years bivariate and multiple logistic o tongue were associated
regression (backward stepwise) v skeletal defects with malocclusions
analyses were conducted. o temporomandibular joints in these patients.
o dental defects
g r?aplgzzﬂiion The relationship
“ ) - )
Salazar et al. cs 40 patients with DS temporomaﬁdlbulauomt o palate betvvgeh habits
(2016) examination and pain in people
o tongue with DS
o skeletal defects ’
v’ temporomandibular joints
18 children; o dental defects 4
: The 3" group
age: 8-12 years; v hypotonia
. : ) showed very
5 divided into 3 groups: : : ) v malocclusion -
Tosello et al. } electromyographically in resting marked activity
NRCT 1. normal occlusion o ; o palate
(2002) o position and in several movements of the lower
2. class Il division 1 0 tongue ) L
: : orbicularis oris and
3. atypical swallowing v skeletal defects :
; . ) . mentalis muscles.
and/or incompetent lips o temporomandibular joints

DS - Down syndrome; NRCT — non-randomized controlled trial; CS - case series; v' - included in research, o — not included in research.

lip incompetence, and deepened overbite. Temporoman-
dibular joint dysfunction in patients with DS was found
in 77.5% of patients.'* Malocclusion occurred in 66% of pa-
tients,'® with the dominance of skeletal class III defects.
Taking into account the cephalometric analysis,® it is dom-
inated by the skeletal class III and increased proportion
of the lower part of the face with regard to the overall
height, wherein the skeletal class III is more clearly indi-
cated in the older age groups. Analysis of incisors,® canines
and first molars, i.e., the length of the tooth, crown height
and root length, tooth neck perimeter, mesiodistal width,
buccolingual dimension, and the ratio between the crown
height and root length, with the use of computed tomog-
raphy, draws attention to the reduction in tooth dimen-
sions while the ratio between the crown height and root
length is maintained; no sexual dimorphism was found
(only the length of the roots of the incisors remains greater
in men). Crown height, mesiodistal diameter and the ratio
between the crown and the root gradually decrease with
age. This confirms microdontia in patients with trisomy 21.

Muscular hypotonia in persons with DS affects the whole
organism. An analysis’ of temporal muscles (L/R) (L = left,
R = right), masseter muscles (L/R) and orbicularis oris
muscles with the use of an electromyograph during vari-
ous physiological functions, i.e., swallowing, chewing, rest
position of the mandible, position of the lips as for whis-
tling, maximum intercuspation, indicates significantly
higher tension of the orbicularis oris muscle in children
with DS compared to the neurotypical group and no sta-
tistical differences for the temporal and masseter muscles.
At the same time, during the physical examination, insuf-
ficiency of the orbicularis oris muscle is clearly expressed,
which is contrary to the electromyography (EMG) indica-
tion. Careful analysis reveals an increase in the tension

of the orbicularis oris muscle when the lips are positioned
for whistling, while higher signals on the measuring de-
vice result from the conscious tightening of muscles
by the patient.

Comparing this data with the results of studies on
3 groups!®:
1. persons with malocclusions,
2.persons with persistent visceral swallowing,
3. persons with lip incompetence,

who did not undergo orthodontic treatment, in the case
of joined lips, the EMG shows higher muscle potential
in group 3 and high muscle activity while sucking a lol-
lipop, with no differences between the subgroups while
sucking a dummy, a straw or a thumb. This indicates a con-
scious tightening of fibers, which confirms the abovemen-
tioned data.

Conclusions

People with DS have different craniofacial morphology.
The treatment plan should take into account the occur-
rence of false macroglossia, dental irregularities, hypo-
plasia, and diastema. A well-arched gothic palate is an ac-
quired feature, thus orthodontic activities should prevent
the development of this anomaly. Attention should be
paid to the reduced tension of the orbicularis oris muscle,
which, in conjunction with false macroglossia, affects
the incidence of anterior open bite.

Although macroglossia, hypotonia, malocclusion, and
temporomandibular joint abnormalities are not features
exclusive to DS, numerous dysfunctions and parafunc-
tions as well as retarded psychomotor development greatly
complicate the treatment. Therefore, interdisciplinary
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treatment of patients with trisomy 21 and early treatment
in the first months of life with the use of the Castillo-Mo-
rales plate are very important, as they ensure better adapta-
tion to the subsequently used apparatus and reduce the risk
of disorders of the stomatognathic system in the future.
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